ORIGINAL ARTICLE PURPOSE We aimed to identify factors that might help differentiate phyllodes tumors from fibroadenomas among cases in which a fibroepithelial breast lesion was diagnosed from core needle biopsy (CNB) under imaging guidance.
RESULTS
Upon univariable analysis, the factors that significantly helped to identify phyllodes tumors consisted of the presenting symptoms (palpable mass or breast pain), increased size on clinical examination, hyperdense mass on mammogram, and the following three US features: heterogeneous echo, presence of round cysts within the mass, and presence of clefts within the mass. The pathologist's suggestion of a phyllodes tumor was also helpful. The factors that remained statistically significant upon multivariable analysis consisted of symptoms of breast pain, the presence of clefts on US, the presence of round cysts on US and the pathologist's favoring of phyllodes tumors from a CNB specimen. CONCLUSION A multidisciplinary approach was needed to distinguish phyllodes tumors from fibroadenomas in patients who had undergone CNB. US findings (clefts and round cysts), suggestive pathological diagnoses, and clinical symptoms were all useful for the decision to surgically remove the fibroepithelial lesions diagnosed from CNB. C ore needle biopsy (CNB) under imaging guidance is an accepted standard of care for the diagnosis of breast lesions, particularly those that are nonpalpable (1) (2) (3) (4) . This procedure is safe, cost-effective and minimally invasive compared with surgical excision (1) .
In general, CNB allows for appropriate decision-making. Surgery could be obviated by a benign CNB pathology result. At times, however, CNB may provide only an inconclusive histopathology or may yield results associated with a potentially more worrisome pathology. Surgical excision may be needed in such circumstances.
Fibroadenoma is the most common lesion in the breast, occurring in 25% of asymptomatic women (5) , and it is usually readily diagnosed via CNB. In the presence of increased stromal cellularity, however, it is less likely to be distinguishable from a phyllodes tumor (1) (2) (3) (4) . In such cases, the term "fibroepithelial lesion" is used (1) (2) (3) (4) (5) .
The distinction between fibroadenomas and phyllodes tumors is clinically important. Fibroadenomas may be safely followed without further investigation. Even if an excisional biopsy is needed, the simple enucleation of a fibroadenoma is appropriate (1) . In contrast, phyllodes tumors should not be managed by nonoperative means because they commonly and progressively enlarge. Moreover, wide excision of phyllodes tumors with adequate margins is essential to the prevention of local recurrence and to provide an accurate diagnosis as to whether it is benign, borderline or malignant (1) (2) (3) (4) (5) . A CNB-diagnosed fibroepithelial lesion, therefore, provides the surgeon with the dilemma of whether to operate. Usually, surgical excision is chosen, and a considerable amount of normal breast tissue is sacrificed.
The purpose of the present study was to determine factors that might help differentiate phyllodes tumors from fibroadenomas among cases in which a fibroepithelial lesion was diagnosed from CNB under imaging guidance.
Materials and methods
The study was conducted with institutional review board approval. The authors performed a review of the medical and radiologic records from January 1st, 2008 to December 31st, 2011 of more than 3000 patients who had undergone image-guided CNB of their breast lesions at the breast diagnostic center of Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. There were 518 patients with CNB-diagnosed fibroepithelial lesions. Among them, 318 patients were excluded because no further excisional biopsy was performed for definite histopathologic diagnosis.
A total of 213 lesions from 200 patients who underwent subsequent excisional biopsy were examined in this study. The indications for surgical excision after CNB included the surgeon's or patient's preference, the suggestion of the pathologist, and any discordance between the imaging and pathologic findings. Patient characteristics, clinical presentation, mammography and ultrasonography (US) findings, CNB data, details of subsequent surgery, and pathology reports were reviewed.
Mammography was performed in the craniocaudal and mediolateral oblique views using a digital mammography machine (Selenia, Danbury, Connecticut, USA). Additional US was performed for all lesions by two US machines (iU22 Philips Ultrasound, Bothell, Washington, USA). The lesions were described and categorized using the relevant Breast Imaging Reporting and Data System (BIRADS) criteria of the American College of Radiology (6) based on the combination of mammography and US findings.
The biopsy guidance modality was chosen based on the type of lesion observed. If the lesion was clearly visible on US, then US guidance was used. However, if the lesion was invisible on US or observed as a microcalcification on the mammogram, stereotactic guidance was used. Of the 213 breast lesions, 208 (98%) underwent US-guided CNB, and five (2%) underwent stereotactic-guided CNB. The number of core specimens retrieved ranged from four to twenty-four cores.
Ultrasound-guided biopsy was performed with a 12-5 MHz linear array transducer (iU22 Phillips Ultrasound), a 13-gauge coaxial introducer needle, and a 14-gauge cutting needle (MDTech, Gainesville, Florida, USA) with a long-throw (22 mm). All needle biopsies were performed using an automated biopsy gun (Magnum, Bard Peripheral Technologies, Covington, Georgia, USA) with a freehand technique. Six core specimens were typically retrieved from each lesion. Fewer cores would be obtained if the lesions were small, if the patient reported pain, or if significant bleeding was observed.
Stereotactic-guided biopsies were performed with a dedicated core biopsy unit using an 11-gauge directional vacuum-assisted CNB instrument (Mammotome, Biopsys/Ethicon Endo-Surgery, Cincinnati, Ohio, USA), with the patient on a prone breast biopsy Lesions observed from the mammography were characterized as mass, calcification (macro-or microcalcification), combined mass with calcification or focal asymmetrical density. Breast composition, size, shape, margin and density of the lesion, as well as the visibility of the lesion on the mammogram, were also recorded. US images were reviewed for the number of lesions, bilateral or unilateral involvement, number of previous US studies, and evidence of any increasing sizes of lesions. If the lesion was a mass, the features recorded included the following: orientation, shape, margin, echo pattern and posterior acoustic features. Three specific US features were evaluated, as follows: heterogeneous internal echoes without cysts or clefts, internal round cystic spaces, and internal clefts.
Continuous and count variables (for example age, duration of symptoms, size, and number of lesions) were summarized as the mean, standard deviation, median, and range as appropriate. Categorical variables (such as breast density, mammographic results, and US characteristics) were summarized as counts and percentages. Continuous variables were tested for significant differences using an unpaired t test and Mann-Whitney test whenever appropriate. Categorical variables were tested using the chi-square test or Fisher's exact test. The unit of analysis was the individual lesion, which was assumed to be statistically independent. Multiple logistic regression analysis was used to identify the independent factors associated with the presence of phyllodes tumors. All statistical analyses were performed using Stata version 12 (Stata Corp., College Station, Texas, USA) statistical software. Statistical significance is defined as a two-sided P value of 0.05 or less.
Results
Of the 213 lesions in the present study, 173 were histopathologically diagnosed as fibroadenomas (this group was composed of pure fibroadenoma, fibroadenoma with other proliferative lesions and a few lesions reported as fibrocystic change), and 40 were histopathologically diagnosed as phyllodes tumors.
The mean age of patients with fibroadenomas was 43.6±10.6 years; for patients with phyllodes tumors, 43.4±6.6 years. There was no significant age difference between the two groups (P = 0.903). Palpable masses were found in 95 of 173 fibroadenomas (55%) and in 32 of 40 phyllodes tumors (80%). Associated breast pain was found in 11 of 173 fibroadenomas (6%) and in four of 40 phyllodes tumors (10%). The presenting symptoms were significantly different between the two groups (P = 0.002).
The duration of the clinical symptoms (palpable mass or breast pain) was not significantly different between patients with fibroadenomas (median duration, 5 months; range, 1 day to 120 months) and those with phyllodes tumors (median duration, 6 months; range, 3 days to 72 months; P = 0.742). However, 10 of 31 phyllodes tumors (32%) had a symptomatic increase in the size of the tumors (no information in one patient with a palpable phyllodes tumor), while only 13 of 92 fibroadenomas (14%) had such an increase (no information in three patients with palpable fibroadenomas). This difference was statistically significant (P = 0.025).
The details of the mammography findings are shown in Table 1 . Mammographic features which seemed to differ between fibroadenomas and phyllodes tumors included the presence of the lesions on mammograms (P = 0.021) and the density of the mass (P < 0.001).
Details of the US findings are shown in Table 2 . Four US features were significantly different between fibroad-enomas and phyllodes tumors. These features included the internal heterogeneous echo pattern (Fig. 1) , presence of internal round cystic spaces (Fig. 2) , presence of internal cleft (Figs. 2, 3) , and US size. All differences were associated with P < 0.001. The vast majority of images were categorized as BIRADS 4; very few were categorized as BIRADS 3.
The modality of CNB guidance, whether US or stereotactic, could not differentiate between fibroadenomas and phyllodes tumors. This was because almost all lesions were biopsied using a US guide (168 of 173 lesions, 97%, for fibroadenomas; 40 of 40 of lesions, 100%, for phyllodes tumors, P = 0.277).
The pathological report for each lesion usually contained suggestions and recommendations from the pathologist. Whether the pathologists suggested a diagnosis of fibroadenoma or phyllodes tumor from the CNB specimen was significantly different between the lesions histologically diagnosed as fibroadenomas and those diagnosed as phyllodes tumors (P < 0.001; Table 3) .
A multiple logistic regression model (Table 4) identified four significant and independent predictors of phyllodes tumors. These predictors consisted of the presence of pain (P = 0.009), pathologists' suggestion of a diagnosis of phyllodes tumor in their reports (P = 0.001), presence of clefts within the masses on US (P = 0.006), and presence of round cysts within the masses on US (P = 0.032). Based on the likelihood ratio chi-square test, the P value for this model was < 0.001. Palpable mass as the presenting symptom showed marginal significance (P = 0.056). Significant mammographic findings in Table  1 were not used in the multiple logistic regression analysis because a considerable number of lesions (26 of 169 lesions, 15%) could not be observed on mammograms; further, mammography was used in only 169 of 213 lesions (79%).
Discussion
Fibroadenomas and phyllodes tumors share many common features. Clinically, both present as rounded or lobulated, circumscribed, moveable masses. Histologically, both are composed of an epithelial element surrounded by variable amounts of stroma (7), and thus they can also be given the name "fibroepithelial lesion". However, their natural history is often different. Phyllodes tumors tend to show more rapid growth and tend to recur if incompletely excised. Moreover, borderline and malignant phyllodes tumors may metastasize (8) . In contrast, fibroadenomas usually need not be removed, and even when surgery is needed, enucleation is sufficient. For these reasons, an accurate preoperative diagnosis, for which CNB is a popular method of distinguishing between the two entities, is very important to ensure proper management (7) . The present study focused on CNB-diagnosed fibroepithelial lesions in which the pathologist was unable to make a definitive distinction between fibroadenoma or phyllodes tumor (2) .
Patients with phyllodes tumors are usually 40 to 50 years of age at the time of diagnosis (9), generally Previous mammography was performed at least six months prior to the index mammogram in most cases. older than patients with fibroadenomas (1, 4, 9) . Patients older than 50 to 55 years are more likely to have a phyllodes tumor (7) . In the present study, age was not a useful discriminant, unlike other studies (2, 4, 9) . This finding may be explained by the fact that a surgical excision was usually performed in older patients at our institution if an initial CNB revealed a fibroepithelial lesion, regardless of other features suggestive of a fibroadenoma. This was mainly due to patient's and the surgeon's preference. Phyllodes tumors usually present with a clinically benign breast lump, which may be rapid growing (1, 10) . Fibroadenomas, by contrast, tend to be stable or have minimal growth (10) . The present study confirmed this observation; 80% of patients with phyllodes tumors presented with a palpable breast mass, compared to 55% of the patients with fibroadenomas. Further, more phyllodes tumors increased in size over time (32% for phyllodes tumors and 14% for fibroadenomas, P = 0.025).
Interestingly, the present study identified a relationship between breast pain and phyllodes tumor (P = 0.009 on multivariable analysis). To our knowledge, this feature has not been previously reported. Although possibly a statistical artifact, this finding may also be explained by the nature of phyllodes tumors, which interfere with the surrounding breast parenchyma, either by stretching or by compressing it. In addition, the rapidly increasing size may cause pain. Nonetheless, pain is a very common and subjective symptom that is usually unreliable or of limited use as a clinical marker for any given disease. More evidence is needed for a definitive conclusion regarding this point.
Phyllodes tumors tend to be larger in size than fibroadenomas (2, 9, 10), as observed in the present study. Nevertheless, size was not a significant discriminant upon multivariable analysis. This finding is easily explained by the fact that larger tumors tended to have clefts and cysts within the mass, and pathologists tended to diagnose phyllodes tumors based on their size. The presence of clefts and cysts was also highly correlated with the presence of phyllodes tumors, as will be seen later. In a multivariable analysis, less important but collinear variables, such as size, were eliminated.
Previous studies reported a substantial overlap in the characteristics of phyllodes tumors and fibroadenomas on the mammograms. Both tumors manifest as well-circumscribed, oval or lobulated masses (1, 4, 9, 11) . However, high-density masses on a mammogram have been reported to be more common in phyllodes tumors (10, 11) . A high-density mass was also a useful mammographic feature suggestive of phyllodes tumors in the present study (P < 0.001). Because phyllodes tumors tended to be larger and have higher densities in the present study, they were also more likely to be visualized on a mammogram in the present study (P = 0.021).
The presence or absence of intratumoral calcifications have been reported to be a significant discriminator by previous studies (12, 13) . Calcifications are more common in long-standing fibroadenomas but are rare in phyllodes tumors (12, 13) . However, the frequency of calcified lesions did not differ between phyllodes tumors and fibroadenomas in the study of Yilmaz et al. (11) , in agreement with the present study. Most of the fibroepithelial lesions in the present study did not contain calcifications (82% of fibroadenomas and 85% of phyllodes tumors).
Advances in US imaging technology have allowed for more detailed evaluations of lesions. Thus, US may provide accurate discrimination between phyllodes tumors and fibroadenomas. One useful US feature regarding phyllodes tumors is the presence of cysts within a solid mass (Fig. 2) (1, 9, 11-14) . These cystic areas represent focal necrosis or degeneration (11, 13, 14) . The present study confirmed that the presence of round cystic spaces within the mass was associated with phyllodes tumors on both univariable analysis (P < 0.001) and multivariable analysis (P = 0.032). Other studies (10, 13, 15) , however, found very few phyllodes tumors with internal cysts, concluding that these cysts were not pathognomonic for phyllodes tumors. These cysts may also be present in other well-circumscribed tumors, such as fibroadenomas or medullary carcinomas (11, 13, 15) .
Although the US findings of clefts and round cystic spaces in phyllodes tumors might be important if confirmed by future studies, the current BIRADS classification does not explicitly use these findings. Future modifications of the BIRADS system might incorporate these findings with the aim of distinguishing phyllodes tumors from fibroadenomas, perhaps by appropriately upgrading the BIRADS classification whenever clefts and cysts are clearly noted in the radiologic images.
Microscopically, phyllodes tumors are characterized by a double-layered epithelial component arrayed in clefts and surrounded by a hypercellular stromal mesenchymal component. The stroma often protrudes into the epithelial lining spaces, forming a slit-like space or a leaf-like pattern; hence, it was given the name phyllodes, which means "leaf-like" in Greek (8) . The slit-like nature of the cystic spaces in phyllodes tumors results in one of its US characteristics: the horizontally oriented linear echoes or clefts (14) . This finding is particularly important in our study. The presence of a cleft within the solid mass was strongly associated with phyllodes tumors upon both univariable (P < 0.001) and multivariable analyses (P = 0.006) (Figs. 2, 3) . Heterogeneous echo patterns of the mass have been reported as one of the US features of phyllodes tumors (9, 10, (13) (14) (15) . The present study also showed that most phyllodes tumors (85%) displayed a heterogeneous echotexture, compared with 51% of fibroadenomas. Although this contrast was significant upon univariable analysis (P < 0.001), it was not significant upon multivariable analysis due to collinearity with other US features.
Other US features, including the orientation of the mass, shape, margin, echo pattern, and posterior acoustic features, were not significantly different between phyllodes tumors and fibroadenomas, in agreement with several studies (1, 2, 4, 9) . On the other hand, some studies (13, 15) have suggested that a lobulated-shaped mass on US is often associated with phyllodes tumors, while Yilmaz et al. (11) reported that a marked posterior acoustic enhancement is also an important characteristic of phyllodes tumors.
The present study investigated the significance of the presence of multiple or bilateral lesions, based on the knowledge that multiple fibroadenomas may occur in association with phyllodes tumors (10). Foxcroft et al. (10) reported that 31% of patients with phyllodes tumors had at least one concurrent fibroadenoma. According to the present study, 90% of patients with phyllodes tumors had more than one lesion, and 73% had bilateral lesions. However, a multiplicity of tumors and bilateral involvement were also common in patients with fibroadenomas in the present study, in which 81% of these patients had more than one lesion, and 68% had bilateral involvement. Note that, because cysts and solid nodules could not always be clearly distinguished in reviewed US images, the present findings should be interpreted with caution.
As stated previously, it is difficult to discriminate histologically between phyllodes tumors and fibroadenomas (3, 7) , particularly in CNB specimens. Even after the entire lesion has been excised, "gray areas" exist in diagnosis (7) . Because CNB uses a sampling technique, it is even more difficult for pathologists to make a clear-cut diagnosis. Previous studies (3, 4, 7, 16) have described histologic features suggestive of phyllodes tumors based on CNB specimens. These features consist of the degree of stromal hypercellularity, stromal overgrowth, nuclear cytologic atypia, number of mitoses, amount of stroma relative to epithelium, and infiltrative tumor borders. Using these morphologic criteria, pathologists are able to make a diagnosis of phyllodes tumor from some CNB specimens. The present study found a high concordance between the suggestion of pathologists for a diagnosis of phyllodes tumor or fibroadenoma from CNB pathology and the surgical pathology after a complete excision (P < 0.001). Dillon et al. (3) also found such a concordance. The importance of suggestions by the pathologist was confirmed by multivariable analysis in the present study.
There were several limitations to the present study. First, its retrospective nature resulted in some missing clinical data and limited our ability to evaluate the US features in some cases. Second, the study attempted to imitate real clinical practices, so pathologic slides and specimens were not reviewed. Thus, there might be some misclassification of CNB specimens. Third, approximately 40% of patients diagnosed as having fibroepithelial lesions from CNB did not undergo an excision. Therefore, many patients were excluded, resulting in substantial selection bias. For example, patients with a higher risk of having malignant lesions, such as those with older age or larger lesions, were selected for surgery. We did not investigate the longterm follow-up of the excluded group of patients. It was possible that a substantial number of patients with phyllodes tumors were in this group. In conclusion, the present study emphasized a multidisciplinary approach to distinguish phyllodes tumors from fibroadenomas in patients with CNB-diagnosed fibroepithelial lesions. Radiologists should search for the US characteristics of phyllodes tumors, particularly the presence of clefts or round cysts within solid masses. Pathologists should search for histopathologic characteristics of phyllodes tumors and make suggestions as to the most likely diagnosis. Clinical findings associated with the mass, particularly the symptom of breast pain, should be documented. All of these data could help the surgeon to decide whether the lesion should be surgically removed. show epithelium-lined clefts with moderately cellular stroma revealing hyperchromatic, pleomorphic nuclei with active mitotic activity. Focal ductal hyperplasia with apocrine metaplasia is observed (hematoxylin and eosin, ×100 and ×400, respectively). 
